Electrostatic reversal of serine proteinase substrate specificity.
Mouse granzyme B is a member of the chymotrypsin family of serine proteinases that has an unusual preference for cleavage of substrates following aspartate residues. We show here that granzyme B can be redesigned by a single amino acid substitution in one wall of the specificity pocket, arginine-226 to glutamate, to hydrolyze preferentially thioester substrates following basic amino acids. Amide substrates, however, were not hydrolyzed by the variant granzyme B. These results show that residue 226 is a primary determinant of granzyme B specificity and imply that additional structural components are required for catalysis of amide bonds. Molecular modeling indicated subtle variation in glutamate-226 orientation depending upon the state of protonation of the gamma-carboxylate, which may account for the secondary specificity of this enzyme for substrates containing phenylalanine. This represents the first example of electrostatic reversal of serine proteinase substrate specificity and suggests that residue 226 is a primary substrate specificity determinant in the granzyme B lineage of serine proteinases.